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ON THE O R I G I N  OF HARD X - RAY AND RADIO EMISSION 
DURING THE SOLAR FLARE OF - --________ 

21 __._ SEFTENBER . 1961 

SUMMARY 

by A.A. Korchak 

The b u r s t  of X-rays during the f l a r e  of 21September 1961 can 
be s a t i s f a c t o r i l y  explained by bremmstrahlung of n o n r e l a t i v i s t i c  e l e c t -  - 
rons  with Ek> 20 kev, w i t h  an exponent ia l  energy spectrum - EC3. The 
lower l i m i t  of p a r t i c l e  concentrat ion i n  the  emi t t i ng  reg ion  is found 
t o  be equal  t o  - 10'' 
Ne ( >/ 20 kev) = 3 
e l e c t r o n s  is  extended i n t o  the  region of r e l a t i v i s t i c  energ ies ,  the  ob- 
served cent imeter  r ad iobur s t  can be explained and t he  i n t e n s i t y  of t h e  . 
magnetic f i e l d  can be est imated and found t o  be equal  t o  1600e. For the, 
sake of comparison, an analogous computation is made f o r  t h e  f l a r e  of 

I n  order t o  expla in  the  observed flux, 
e l ec t rons  a r e  r equ i r ed .  If the  spectrum of 

* * *  

The electromzcnet ic  r a d i a t i o n  is the  most important source of 
information on processes  tzk ing  place during s o l a r  f l a r e s ,  f o r ,  cont ra ry  
t o  cosmic rays and corpuscular streams, t h i s  r a d i a t i o n  is s i g n i f i c a n t l y  

l e s s  d i s t o r t e d  over t h e  path from Sun t o  Earth. A t  t he  presenttime the  
g r e a t e s t  number of experimental  d a t a  on electromagnet ic  r a d i a t i o n  wi th  

continuous spectrum a r e  obtained f o r  the  radio and X-ray reg ion  of t he  
spectrum. I 'ar t icular  i n t e r e s t  i s  o f fe red  by the  hypothesis  on r a d i o  and 
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X-ray b u r s t  generat ion by the  same f a s t  e l ec t rons ,  acce le ra t ed  i n  t h e  
course of f l a r e  development. 

The f l a r e  of 28 September o f f e r s  i n  t h i s  regard t h e  g r e a t e s t  in- 

t e r e s t ,  s ince  a frequency spectrum in t h e  reg ion  of E,),20 kev ene rg ie s  
and the  l a r g e s t  number of observation da ta  on r ad io  emission were obtained 

f o r  it. 
The a c t i v e  region, i n  which the  f l a r e  took p lace ,  passed along 

t h e  s o l a r  d i s k  t h r e e  times p r i o r  t o  i t ,  and on 28 September its a c t i v i t y  
was a l ready  feeble .  The o p t i c a l  emission i n  H,began a t  2202hours  U,T, 

the  f l a r e  had a fo rce  3+, a s u b s t a n t i a l  a r e a  (980 J 10 So ), a high br ight -  
ness  (4) and a prolonged phase of growth ( t o  2224 hours U,T,>, A t  2 2 1 1  hours 
began a b r i e f  i nc rease  i n  H, br ightness ,  coinciding k i t h  r ad iobur s t  com- 
mencement, l a s t i n g  t o  2213 hours, and i n t e r p r e t e d  in [l] as the  beginning 
of charged p a r t i c l e  acce lera t ion .  According t o  d a t a  obtained on Explorer-XI1 
[2],cosmic r ays  with energ ies  > 100 Mev were f i r s t  r e g i s t e r e d  at  22 39 hours 

UT. The energy spectrum of these p a r t i c l e s  w a s  very hard a t  the  beginning. 
Xore o r  less  2 hours a f t e r  t h e i r  a r r iva l ,  protons with ene rg ie s  from 2 t o  
15 Mev were r eg i s t e red .  After  0229hours  UT of 29 September the  spectrum 

of cosmic r ays  could be approximated by an exponent ia l  func t ion  with an 
exponent 2 -  3 ( see, f o r  example, C3l ). The geomagnetic storm began 
46 hours a f t e r  t he  f l m e .  

-6 

The experimental  d a t a  on rad io  emission and X-ray b u r s t  are compiled 

i n  Table 1 [l, 4, 53. From these data  and from Figs. 8 and 9 of re ference  
C41, i t  follows, t h a t  the temporal course of the  rad ioburs t ,  inc luding  the  
presence of tfie forerunner ,  correspondsvery w e l l  t o  t he  temporal course of 
t he  X-ray burs t .  Such a coincidence i s  evidence t h a t  both forms of b u r s t s  
a r e  generated i n  the same region by e lec t rons ,  acce le ra ted  during a c e r t a i n  
time per iod  during the process of f l a e  development. 

Assume, t h a t  the  b u r s t  of X-rays ar ises  as a r e s u l t  of bremmstrah- 
lung  emission of n o n r e l a t i v i s t i c  e l ec t rons  wi th  energy Ek>20 kev. For  
t h e  d i f f e r e n t i a l  cross s e c t i o n  in t h i s  reg ion  of energ ies ,  we may take 
advantage of t h e  following agproximate expression C6, 71: 

0 ./e 
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T A B L E  1 

I 
I 1- 

Frequency 
mc/s 

i mat. F ~ U X  in Commenc. Maximum nin. maxirrmm 
HrS 
UT .- W 

I nd cps i 

9400 
3750 
2000 
1000 

900 
545 
108 
18 

lype-I1 
‘ype-I11 

R A D I O  E M I S S I O N  I 
22 13 
22 12 
22 11 
22 08 
22 13 
22 14 
22 13 
22 14 

22 16.5 

22 18.7 

22 17.5 

22 17.3 

! 

22 16 X-rays 

22 16 
I-SWFA 2 1 2218 

22 02 

20 kev 

22 17.3 
22 1703 
22 2002 

22 17 

22 17 
22 24 

22 24 

40 
40 
4-0 
45 
90 
36 
54 

14 

5 
42 
62 
208 

I 

1600 
1690 
1000 
75 
900 
1000 
300 

7 10-6 
ergcm2 s 

3 

5 

0,33 

[ follows text  from D.21 

Forerunner 

22 16 

22 15 

~~- 

22 16 

where ro = e2 / mc2; a = e2 /  t ic ;  2 is  t h e  charge of the nucleus; 3 is  the fk-eqtaency 
It follows f rom (1) that the spectral power of e lectron bremmstrah- 

lung with energy Ek is 

( 2) 
da 
dv 

p(v,  E k )  =- nivhv = AniZS/mc2/hv L(x,  v) , 
where 

. .A . 



4. 

1,028. 1 1,016 
0,458 0,451 
0,185 0.180 
0,110 0,104 

d’ is the  e l e c t r o n  ve loc i ty .  For t h e  exponent ia l  energy of e l e c t r o n s  

w e  have 
dNc(Ek) = 3fh’h-vdEk. (4) 

1,009 
0,446 
0,177 
0,101 

From ( 2 )  we o b t a i n  

1,OG5 
0,488 
0,204 
0,121 

The values  of t h e  functions L (Y, O !  and I (9) f o r  var ious values  

of y i n  ( 4 )  a r e  compiled i n  t h e  T s b l e  2 herea f t e r .  

1,044 
0,472 
0,194 
0,117 

T A B L E  2 

1 
2 
3 
4 
5 
G 
7 
8 
9 

I O  
12 
1 ‘I 
I G  
18 
20 
30 
40 
50 

L’=2 
3 
5 
7 

0,8936 
I ,349.5 
1,3720 
1.3438 
1,3160 
1,275: 
1,2415 
1,2105 
I ,  I8SO 
I ,  1537 
1 ,1092 
1,0691 
1,0312 
1,0033 
0,9738 
0,8718 
0,8039 
0,7483 

1,123 
0,531 
0,233 
0,143 

0,8026 
1,33G4 
I ,3658 
I,3W 
1,3081 
1,2733 
I ,2406 
1,2034 
1,1811 
1,ljSO 
1 ,1086 
I ,0G87 
I ,0338 
1,0030 
0,9756 
0,8717 
0,8009 
0,7481 

I ,  106 
0,518 
0,224 
0,137 

0,5534 
1 ,3042 
1 ,3507 
1,3331 
1 ,3020 
1 ,2689 
1,2368 
1,2068 
I ,  I789 
I ,  1532 
1,1074 
1,0677 
I ,033 I 
1 .co24 
0,9751 
0,8714 
0,80@7 
0,7480 

L (2, c) 

0,4094 
1 ,2876 
I ,3429 
1,3284 
1,2989 
1,2FG6 
1,2351 
1,2054 
I ,  1779 
I ,  1523 
I ,10G7 
1,0372 
1,0347 
1,032 I 
0,9748 
0,8713 
0,8006 
0,7480 

J ( V I  -4 
I 

0,2992 
1 ,2757 
1,3373 
1,3251 
1,2967 
I ,2650 
1,2339 
I ,2045 
I ,  I771 
I ,  1517 
I ,  1062 
I ,0669 
1,0324 
1,0019 
0,9746 
0,8712 
0,8006 
0,7480 

0, I958 
1,2651 
1 ,3323 
1,3222 
1,2947 
1,2636 
1,2328 
1 ,?OX 
I ,  1764 
1,1511 
I ,  1058 
1,0666 
1,0322 
1,0017 
0,9714 
0,8711 
0,8005 
0,7479 

0, I398 
1,2596 
1,3297 
1,3206 
1,2937 
1,2628 
1,2322 
1,2032 
1,1760 
I ,  I508 
1,1056 
1,0664 
1,0320 
1,0016 
0,9744 
0,871 1 
0,8005 
0,7479 

0,1002 
I ,2558 
I ,3279 
1,3196 
1 ,2930 
1,2623 
1,2318 
I ,2029 
1.1756 
1,1506 
1,1055 
1,0663 
1,0319 
1,0015 
0,9713 
0,8711 
0,8905 
0,7479 

1,005 
0,443 
0,174 
0,099 
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It may be seen from Table  2 t ha t  L and I are  slowly-varying 
func t ions  of J ; t h a t  is  why below they a r e  considered as constant. 

Expressing from (4) by a whole number of e l e c t r o n s  Ne w i t h  energy 
Ek > h 3  and i n t e g r a t i n g  (5) over the frequency, we s h a l l  ob ta in  a formula 

f o r  t he  es t imate  of e l e c t r o n  bremmstrahlung power, v a l i d  at y > 3 / 2  

P(&, 2 h ~ )  = 5,85.10-20 f ( ~ ) n i N , Z 2 ) l X ,  (7) 

where the  func t ion  f ( Y )  = (Y - l ) l ( Y )  I (Y  -3/2) f o r  -I = 2; 2.5; 3.5, 
values ,  r e spec t ive ly  of 2.06; 0.975; 0.610; 0.211. 

E a r t h  [4] I( 2 2Okev) = 7 loo6 e r g /  cm2 sec  i t  is necessary tha t  

takes the 

In  order  t o  ob ta in  the observed f lux  of X-ray r a d i a t i o n  at the 

1 = P / 4nrg = 7.10-4, , and hence 

N@ ( 2 20 L38) = 1,9.10&5 nif (y ) ,  (8) 
where ni has  the senee of mean concentrat ion of p a r t i c l e s  i n  t h e  whole 
volume of the  emi t t ing  region. 

The concentrat ion ni may be determined independently by u t i l i s h g  
the  c h a r a c t e r i s t i c  time of drop of X-ray bu r s t  i n t e n s i t y .  From the  data 

brought ou t  i n  [4] f o r  t h e  f la re  of 28 SeTtember 1961, i t  follows, t h a t  
upon reaching t h e  maximum,the k s t  i n t e n s i t y  dropped in 17 seconds by 
about a f a c t o r  of 2 ( from 2 2 1 7 h r s  3 sec  t o  2 2 1 7 h r s  20 sec.) This  drop 
can be explained by e l e c t r o n  egress from the emi t t i ng  region,  as w e l l  88 

by t h e i r  energy losses. L e t  u s  consider the  second p o s s i b i l i t y .  From t h e  

F i g . 5  of ref. C4] i t  fol lows t h a t  the  i n c l i n a t i o n  of t he  spectrum of X- 
r a y  burs tdecreases  with t ime.Sucha decrease could be induced only by ioni- 
z a t i o n  l o s s e s ,  which drop w i t h  energy i n  the n o n r e l a t i v i s t i c  region,  as 
w a s  c o r r e c t l y  ind ica t ed  in [4]. Here we should also add the  argument, t h a t  
t h e  magnetobremmstrahlung l o s s e s  of n o n r e l a t i v i s t i c  e l e c t r o n s  are neglect ing-  
l y  small i n  t h e  condi t ion of a solar f la re ,  whereas the dece lera t ion  l o s s e s  

may be s u b s t a n t i a l  only at a very high concentrat ion of particles.  Indeed, 
t h e  dece le rz t ion  l o s s e s  i n  a plasmafm n o n r e l a t i v i s t i c  e l e c t r o n s  are 



6. 

The mean time of e l e c t r o n  energy decrease by a f a c t o r  of 2 ( " l i f e -  
time") is 

Hence i t  fol lows,  t h a t  f o r  % = 200 kev, t he  value of  4% = 17 sec 

The ion iza t ion  l o s s e s  of e l ec t rons  in a plasma is determined in the 
only at  ni = 5 *1013~m-3 ( average by f l a r e  volume). 

genera l  caee by the  following expression [8J : 

where L is a m u l t i p l i e r ,  l o g a r i t h a i c a l l y  dependent on energy and equal  t o  

~ ~ 2 5  in t he  n o n r e l a t i v i s t i c  reg ion  and t o  50 in t h e ' u l t r a r e l a t i v i s t i c  
reg ion  of energies.  The time of energy decrease from Em t o  %from (9) 5.8 

From (LO) we ob ta in  f o r  two boundary czses  the express ions  f o r  the  

time of energy decrease by a factor of 2 

Here and below, we took fo r  the s o l a r  atmosphere Z el. I n  pa r t i cu -  
lar ,  from Ek = 150 key and At = 17 sec., the  value of n.~, = 7.8 lo9 emo3, 

9 -3 and f o r  Ek 50 kev, ni = 1.5 . 10 cm . 
These values  of concentrat ion a r e  the  lower l i m i t ,  s i n c e  they are 

obtained i n  the  assumption tha t  the acce le ra t ion  of p a r t i c l e s  during sha rp  

drop of i n t e n s i t y  is absent. In r e a l i t y ,  at the  end of t h i s  per iod  (2217.03 
sec.)  a group of  type-I11 rad ioburs t s ,  exc i ted ,  as is w e l l  known, by charged 

t i c l e s  a.re e l ec t rons ,  t h e i r  energy is a50  kev. About t h e  inf luence  of acce- 
l e r a t i o n  dur ing  the per iod  of i n t e n s i t y  drop of t he  X-ray burst  speaks also 

the  fact ,  t h a t  the i n c l i n a t i o n  of the spectrum va r i ed  l i t t l e  a f te r  two minu- 
t e s  of drop. On the o t h e r  hand , t h e  i n t e n s i t y  drop may a l s o  be determined 

by t h e  eg res s  of fas t  e l e c t r o n s  from the en i s s ion  region, whose accounting 

p a r t i c l e s  moving w i t h  a ve loc i ty  >/ 10 5 lan/sec, is observed. If these par- 
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w i l l  l e a d  t o  the  decrease of the poss ib le  value of ni. ( I t  should be noted, 

t h a t  i f  the time of X-ray b u r s t  i n t e n s i t y  decrease by a f a c t o r  2 were de te r -  
mined only by ion iza t ion  l o s s e s ,  one should have expected a notable  change 
i n  the  shape of the spectrum. Unfortunately, t he  determination of t he  spec- 
trum by th ree  p o i n t s  only does not  p e r n i t  t o  der ive any somewhat r e l i a b l e  
conclusions.) .  Thus, for the  est imates  concerning the f l a r e  of 28 September 

1961, we may admit ni re 10” cmo3, and then, the  t o t a l  number of e l e c t r o n s  
from (8) is Ne ( 3 2 0 k e v )  = 1.9 10 
have f (y) ~ 0 . 6 1  and Ne = 3.1 o l d 5 .  

35 / f (y). I n  p a r t i c u l a r ,  a t  y E 3, we 

Let us consider  now t h e  question of rad ioburs t  generation. It follows 
from the Table 1 t h a t  t he  m a x i m u m  i n  the  frequency spectrum of t he  cent imeter  
r ad iobur s t  corresponds t o  the frequency 3 = 4  * l O c p .  9 A t  synchrotron m 
r a d i a t i o n ,  we have 

and hence I / l c 2  = 3 2 .  IO3.  The required energy of e l ec t rons  is determined from 
t h e  condi t ion t h a t  t he  time of rad ioburs t  i n t e n s i t y  drop by a f a c t o r  of 2 

a t  3cm ( -4 min., see Table 1) is determined by i o n i z a t i o n  losses .  
(The l i f e t i m e  of e l ec t rons  w i t h  energy E = 2.3 Mev is 4.5 10 sec. as a 
r e s u l t  of synchrotron l o s s e s  i n  the f i e l d  of 160 oe i n t e n s i t y ;  i t  is  t hus  
s u b s t a n t i a l l y  g r e a t e r  than t h e  l i f e t ime  of the rad ioburs t ) .  U t i l i z i n g  (12) 
and wi th  n i  = lo1’ CEI-~, we f i n d  

3 

6 Eh= 1.83 10 ev ( E = 2.3 lo6 ev) and HI H = 160 oe. 

Let us  determine the t o t a l  number of r e l a t i v i s t i c  e l e c t r o n s  wi th  

energy of 2,3Mev, requi red  f o r  obtaining a r ad io  emission f l u x  in the  f r e -  
quency of 4 lo9 cps, equal  t o  1.7 . 10 erg/cm2. sec. cps, and observable 

on Earth,  The s p e c t r a l  power of the synchrotron r a d i a t i o n  is determined in 
the  maximum only by the  xagnitude of the magnetic f i e l d  and is [ 9 ]  

-16 

From the  condi t ion pN,/hnr62= 1,7 . 10-16 at  111 = IZ = 160 we ob ta in  

Ne = 1.4 1031electrons. On the other hand, a s  is shown above ( see (8) - 
a t  ni = lo lo  ~ m ’ ~ ) ,  i n  order  t o  obtain the observed flux of X-rays, 
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Ne ( >/20 kev) = 1.9 f (y) e lec t rons  a r e  required.  Extending the  - 
exponent ia l  energy spectrum Ek 
and assuming 

= 3.7 l O 3 l  e l ec t rons ,  t h a t  is a value c lose  t o  t h a t  found above from 
radioobservations.  

in t h e  region of r e l a t i v i s t i c  energies ,  
= 3 (f ( V I  = 0.6121, we ob ta in  N e  (Ek 2 1.8 10 6 ev)  = 

L e t  us consider now o the r  p o s s i b i l i t i e s  of explaining the  observed 

b u r s t  of X-rays. A t  synchrotron nature  of X-ray bu r s t  i t  is necessary t h a t  

hvc = 20 kev, whence, according t o  (13),&2 = (E = (E = 10 / HL. 

of these  e l e c t r o n s  i n  a f i e l d  100oe  [ 8 ]  is 

12 

I n  p a r t i c u l a r ,  at H A =  H =  100oe,  E =10 5 (E = 5 -  10 10 ev). The lifetime 

Under such condi t ions,  the time of i n t e n s i t y  drop by a f a c t o r  of 2 

is  determined by synchrotron lo s ses  an@&?ectrum of X-rays must become 
s t e e p e r ,  which does not agree w i t h  the  observat ions of r e f .  
t he  synchrotron na ture  of t h e  X-rays b u r s t  is l i t t l e  probable. 

[4]. Therefore,  

L e t  us consider with more d e t a i l  t h e  p o s s i b i l i t y  of exp la i a ing  the 
observed X-ray emission during the solar f l a r e  of 28 September as a r e s u l t  
of Compton s c a t t e r i n g  of Sun's thermal photons on r e l a t i v i s t i c  e l e c t r o n s  
( t h e  so-cal led "inverse" Compton e f f ec t ) .  A t  Compton s c a t t e r i n g  i n  condi- 

t i o n s  of solar atmosphere, the maximum i n  the energy spectrum of s c a t t e r e d  

f- quanta f i ts  the energy C8J 

and the  t o t a l  emission power per e l ec t ron  is 

where n is t he  mean concentration of thermal photons, about equal  t o  
0.92 10l2 cmo3 f o r  the  solar atmosphere. From the condi t ion h V k  = 1,83e2= 2 - 104 
we f i n d  

& 2 =  I,I . 104 ( E  = 5.5 . 107 ev) . 
-10 According t o  (161, the emission power p = 5.9 10 erg/sec. 
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2 The observed flux a t  the  Zarth is pAJe/4nr = 7.10-8 erg/cm , and hence 

the  requi red  number of e l e c t r o n s  is Ne = 3.3 a lo3? 
very same e l e c t r o n s  induce the  observed rad ioburs t  as a r e s u l t  of t h e i r  

synchrotron r a d i a t i o n  ? The rad ioburs t  m a x i m u m  from observat ions (Table 1) 
f i ts  the  frequency J m  = 4 10 cps ( v C  = 1.4 lo lo  cps).  From t h e  
condi t ion 4.24 10 HI. e2 = 1.4 lolo ( see  (13) 1, we f i n d  HA = H = 0.3oe. 
According t o  (14) the  power i n  the m a x i m u m  is 
and t he  f lux a t  the  Earth is 1 W 7.6 lou1’ erg/cm2 sec ops, which is 220 
times less  than the  observed flux. Such a s m a l l  value of the  flux is the 
consequence of too  low an i n t e n s i t y  of t he  magnetic f i e l d  i n  t h e  emi t t i ng  
region,  which i n  i t s  t u r n  follow6 from the  presence of the  m a x i m u m  in t h e  
frequency spectrum of the  rad ioburs t  i n  the  frequenay of 4 lo9 cps. 
If we now make the  l i t t l e  probable assumption, t h a t  t h e  maximum in t h i s  
frequency i s  an e r r o r  of the experiment and t h a t ,  i n  r e a l i t y ,  i t  should 
f i t  g rea t e r  f requencies ,  the  i n t e n s i t y  of the  magnetic f i e l d  may be de ter -  
mined from the condi t ion t h a t  the r a d i o  emission flux i n  the frequency of 
lolo cps be equal  t o  the  observed value of 1.6 010 

But could these  

9 
6 

p (Vm) = 6.5 @Is3 erg/sec cps 

-16 erg/cm2 s e c  cps. 
r ’or  t he  es t imate ,  we s h a l l  take advantage of the  following formulti 

f o r  the s p e c t z a l  power of synchrotron emission [8, 9 1 :  

where 

obtxLn the  ex.pression (14) from (17). 

But a t  V e  gC,according t o  (lS),F(y) = 2 , 1 6 ( ~ / ~ r ) ” ~ = 1 , 3 ~ ~ ~ - ” ~ ( s e e  (13), at 
From the  condi t ion prVe/4nffi2 = 1,6 , we f ind  HLP(r/) = 0.58. 102. 

e = 
4 = 1.1 10 ), and t h a t  is  why H A S  H = 300 oe. For such a f i e l d  and an 

energy of 5.5 * 10 ev, 3, = 1.4 1013 cps and the  m a x b u u m  f lux is equal  7 

t o  about erg/cm2 sec  cps . 



10. 

Therefore, if the  observed b u r s t  of X-rays during the  f l a r e  of 

28 September has a Compton na ture ,  i t  r e q u i r e s  3.3 *103'electrons with 
energy of 5.5.10 ev. The same e lec t rons  could have induced t h e  observed 
cent imeter  rad ioburs t  only i n  t h e  case when the  magnetic f i e l d  in the  

emission reg ion  is H NN 300 oe; a t  t he  same time, t he  maximum in t h e  fre- 
quency spectrum, cont ra ry  t o  observations,  would f i t  t he  frequencies  of 

7 

- 10 13 cps, while the f l u x  i n  t h e  maximum would be - erg/cm2.sec.cps. 

Another ob jec t ion  t o  the  assumption made is l inked  with the  dura t ion  
of t he  b u r s t  of X-rays and of the  rad ioburs t .  The time of r ap id  decrease in 
i n t e n s i t y  of X-ray b u r s t  by a f a c t o r  of 2, A$ , is near 17 sec., as pointed 
o u t  above, while the  corresponding time f o r  t he  r ad iobur s t  i n  t h e  3.15 cm 
wavelength, A t  , is - 3  min. I f  the bu r s t  of X-rays'and the  rad ioburs t  
were generated by the same e lec t rons ,  one should have expected t h a t  LUX=&. 

The e x i s t i n g  discrepancy can be explained, i f  one assumes, as w a ~  done above, 

t h a t  d i f f e r e n t  po r t ions  of energy spectrum of e l e c t r o n s  are respons ib le  f o r  
t h e  r ad iobur s t  and b u r s t  of X-rays. However, even f o r  synchrotron lo s ses ,  
which depend most of a l l  on energ ies  (d E2), t he  lW.fetimelt is propor t iona l  
t o  1/E and f o r  the observed discrepancy by order  betweenA% and At 
i t  is necessary t o  prolong the  energy spectrum of e l e c t r o n s  t o  energy of 
of 5 010 ev. A t  the  same time se r ious  d i f f i c u l t i e s  ar ise  when expla in ing  

the  o t h e r  observed c h a r a c t e r i s t i c s  of X-ray and r a d i o  bu r s t s .  

P 

P 

6 

Therefore, t h e  above-developed notion of dece le ra t ing  nature of 
X-rays agrees b e t t e r  wi th  the  ava i l ab le  experimental  data. Th i s  assumption 
allows t h e  explanat ion of o ther  p e c u l i a r i t i e s  of r a d i o b u r s t s  also.For t h e  
above-found concentrat ion of p a r t i c l e s  i n  t h e  emi t t i ng  region,  ni = 7.8 lo9 
om'3 

8 8 
9 r a d i o  emission i n  the frequency of 10 cps w i l l  be s i g n i f i c a n t l y  weakened 

by absorpt ion,  which expla ins  the  charac te r  of the  cent imeter  r ad iobur s t ,  

while t he  r a d i a t i o n  i n  the frequencies  ,C 8 10 ops could not  emerge from 
t h i s  region. The n e a r l y  simultaneous commencement of the  meter r ad iobur s t  

encompassing a l a r g e  frequency band from 18 mc/s, means t h a t  t h e  per turba-  
t i o n  during f l a r e  spread f o r  a s h o r t  t h e  t o  he igh t s  of /\I 500000 h ( l e v e 1  
of output  f o r  18 cps). This  i s  n a t u r a l l y  e q l a i n e d  by a break-through of 

and magnetic f i e l d  i n t e n s i t y  of 160 oe, the  plasma frequency is 
= 8 10 cps, and the cyclotron frequency VH = 4.3 0 10 cpa. Thus J P  

8 



11 . 
fast  e l e c t r o n s  from the acce lera t ion  region t o  the  corona, where, as a 

r e s u l t  of synchrotron emission, they genernte a meter rad ioburs t .  
X rough est imzte  of the magnetic f i e l d  i n  this region m a y ,  within 

the  framework of the above-developed model, be made as fol1ows. From obser- 
va t ions ,  t he  maximum of meter rad ioburs t  f i t s  t he  frequency of 4 010 cps, 
t h a t  is a frequency about 10 times lower than f o r  t he  cent imeter  r ad iobur s t ,  

while the  f lux i n  the  same frequency is about t he  same as i n  t he  its m a x i m u m  

( 1.6 
reg ion  of t he  meter rad ioburs t  f o r  t he  same energy of e l e c t r o n s  must be, 
according t o  (131, 10 times weaker, t h a t  is, equal  t o  1 6 o e ,  while the  
t o t a l  number of e l ec t rons ,  according t o  (141, is 10 times g r e a t e r  than f o r  

t he  cent imeter  r ad iobur s t  (1.4 
p a r t  of acce lera ted  e l e c t r o n s  emerged i n t o  the  upper atmosphere of t he  Sun. 
If,  however, we take i n t o  account, t h a t  f o r  the above-found spectrum of  

e l e c t r o n s ,  Ek , a s i g n i f i c a n t  cont r ibu t ion  w i l l  be made t o  t h e  meter e m i s -  
s i o n  by e l ec t rons  with energ ies  E, SG 2.3 - 10 ev, whose r a d i a t i o n  i n  t h e  
cent imeter  rad ioburs t  region is absorbed, we s h a l l  have a t  E, =10 

H Y 60 oe and about h a l f  of a l l  the acce lera ted  e l e c t r o n s  emerge from t h e  
a c c e l e r a t i o n  reyion i n t o  the corona. 

The systematic  l a g  i n  the commencement of cent imeter  rad ioburs t  

8 

erg/cm2 sec  . cps) .  That is  why, t h e  magnetic f i e l d  in the  

). This  means, t h a t  the overwhelming 

-3 
6 

6 ev, 

wi th  frequency can be e:;plz,ined by the  f a c t ,  t h a t  acce le ra t ion  of e l e c t r o n s  

began i n  the region of a weaker m a p e t i c  f i e l d  'and lower concentrat ion of 
p a r t i c l e s ,  f o r  example above the  ree ion  of H, glow, and then spread down- 

ward, i n t o  the  denser region with s t ronger  magnetic f i e l d .  
In conclusion we s h a l l  br ing f o r t h ,  f o r  the sake of comparison, 

an annlogous ca l cu lz t ion  f o r  the  f l a r e  of 20 March 1958. Assume t h a t  the 
r ad iobur s t  a r i s e s  during t h a t  f l a r e  as a r e s u l t  of synchrotron r a d i a t i o n  

of r e l a t i v i s t i c  e l e c t r o n s  with the same energy E =  2.3 MeV. I f  t h e  drop 
i n  r ad iobur s t  i n t e n s i t y  by cl f s c t o r  of 2 (30 sec. according t o  [lo]) takes 
place  because of i o n i z a t i o n  l o s s e s  of e l ec t rons ,  i t  r e s u l t s  from ( 1 2 ) t h a t  

'li =7.7 10 ~ r n ' ~ ,  I n  order  t o  have the  m a x i m u m  i n  t he  frequency spectrum 
f i t  a frequency qm > l o w  cps a t  e l ec t ron  energy of 2.3 MeV, i t  is necee- 
sary ( s e e  (13) 1, t h a t  
es t imates .  Then 

10 

H a340 oe. Le t  us adopt the  lower value f o r  t h e  

2.7 lo3' e lec t rons  with energy of 2.3 Mev w i l l  be requi-  
r e d  f o r  the observed r ad io  emission flux in the maximam, equal  t o  [5] 
7.2 - w/m .cps 

2 
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Assume now, t h a t  the  bu r s t  of X-rays during the f l a r e  of 20 March 

1958, j u s t  as i n  t h a t  of 28 September 1961 a r i s e s  as a r e s u l t  of bremmstrah- 
lung of  f a s t  e l ec t rons  with energy 2200 kev*l. When making the  estimates, 
we shall u t i l i z e  f o r  s impl i c i ty ,  the formula (8a) f o r  t o t a l  dece le ra t ion  
losses. In order  t o  ob ta in  the  observed f l u x  [lo] I = 1.6 e loo5 erg/cm2 sec  
a t  the  above-found concentret ion n i  = 7.7 lo1' cmD3, i t  is necessary t o  

have 5.85 . 1033 e lec t rons .  This value mny be coordinated with t h e  one 

found from radioobservat ions,  provided one assumes, t h a t  the  energy spectrum 
of e l e c t r o n s  is exponent ia l  with an exponent 'y' = 4 i n  the d i f f e r e n t i a l  
spectrum. In r e a l i t y  t h i s  value of should be s u b s t a n t i a l l y  decreased, 

f o r ,  at concentrat ion of 7.7 lo1' cmo3 ( v p  = 2.5 JO cps) and a f i e l d  
H = 340 oe (VH = lo9 cps)  r ad io  emission in the f requencies  10 cps 
will be s u b s t a n t i a l l y  weakened by absorption, while on frequencies  < 2.5 * I O 9  

C.P.S. it can emerge only from the ou te r  p a r t s  of the  emi t t i ng  region, 
where the  concentrat ion of  p a r t i c l e s  is  l i k e l y  t o  be s u b s t a n t i a l l y  lower. 

9 
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*) It was shown in reference 
may be explainedby the  inverse  Compton e e c t  However, at bremmstrahlung 
e s t ima tes  i t  is assumed t h a t  ni = 4 8 18vcm-3 (which is the normal con- 
c e n t r a t i o n  in the  corona at 20000km height) .  I f  we take a value by two 
orde r s  g r e a t e r ,  qu i t e  poss ib le  i n  the r e r i o n  of H, 
bremmstrahlung will s i g n i f i c a n t l y  exceed the  Compton emission. 

[ll], that t he  b u r s t  of X-rays of 20 March 

emergence o r  above it, 


